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(57) ABSTRACT 

A terminal and antenna system (1, 10) for transmitting and 
receiving radio signals to and from satellites (2, 3) chosen 
from a constellation of non-geostationary satellites, includ 
ing means for determining the position of the satellites 
visible from the terminal and antenna system, means for 
focusing quasi-plane Waves received from or transmitted to 
a chosen visible satellite toWards a focal surface S, primary 
sources (23, 24) for transmitting and receiving signals in the 
form of quasi-spherical Wave beams, mobile independently 
over the sphere S in a manner that is slaved to the particular 
position of the non-geostationary satellites. 

29 Claims, 7 Drawing Sheets 
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TERMINAL-ANTENNA DEVICE FOR 
MOVING SATELLITE CONSTELLATION 

BACKGROUND OF THE INVENTION 

The invention concerns a terminal and antenna system for 
transmitting and receiving data to and from non 
geostationary satellites in loW Earth orbit. 

The terminal and antenna system is designed to be 
inserted into a system for transmitting data at high bit rates 
to and from a constellation of satellites for public or private, 
civil or military use. 

A constellation of this kind comprises a large number of 
non-geostationary satellites in loW or medium orbit around 
the Earth. In a standard con?guration, the altitude is in the 
range from 800 km to 1500 km and the satellites are 
regularly spaced in a series of orbital planes, With eight 
satellites at 45° from each other, for example, in each of 
eight steeply inclined orbital planes around the Earth, so that 
any point on the globe is at all times in vieW of at least tWo 
if not three satellites. The choice of a loW orbit for the 
satellites is motivated by the requirement for a high level of 
interactivity With a station centraliZing access to networks, 
at high data bit rates and therefore With receivers that receive 
a high poWer level, Which is not compatible With the 
propagation time via the geostationary orbit. HoWever, this 
choice leads to fast movement of the satellites across the sky, 
a satellite in a 1500 km orbit remaining in vieW from a point 
on the ground for about 10 minutes only. 

To reduce the number of satellites assuring continuity of 
calls With terminals on the ground, it is necessary for the 
terminals to be able to track the satellite for as long as 
possible, and therefore as far as possible toWards the hori 
Zon. A second condition for these terminals is that they must 
be able to sWitch the stream of calls very quickly from a 
satellite reaching the horiZon to a more visible satellite. 
Finally, the gain of the antenna must be in the order of 30 dBi 
for the transmit and receive beams. 

Solutions to this problem have been proposed. A ?rst 
solution uses an electronically scanned antenna, but the 
angular range to be covered is very Wide (0° to 360° in 
aZimuth, 10° to 90° in elevation), in Which case this solution 
implies a prohibitive number of active elements: phase 
shifters, loW-noise receive ampli?ers and transmit poWer 
ampli?ers betWeen the radiating elements and the phase 
shifters to compensate for their losses and those of the 
splitters/combiners. Their cost is therefore much too high. 

Another solution, originating in the military ?eld, and for 
tracking a plurality of moving, over-the-horiZon targets is 
disclosed in US. Pat. No. 3,755,815 and described in 
MicroWave Journal (Oct. 75, pp. 31—34). It uses an array of 
active transmitter elements associated With a dome lens of 
dielectric material for de?ecting the beam to the horiZon and 
beyond. That solution has the major draWback of very high 
manufacturing cost because it requires an array of several 
hundred active elements. 

There are other means for de?ecting radio beams by using 
dielectric or Waveguide lenses, for example as described by 
Lo and Lee in “Antenna Handbook”, but their technology 
restricts them to small de?ection angles, of approximately 
10° about the axis of the lens, and With no target tracking 
capability. 

In the ?eld of microWave antennas, the literature (see for 
example PCT WO 88/09066) describes antennas incorpo 
rating a plane array antenna associated With a focusing 
microWave lens and a horn source that can be positioned on 
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2 
a portion of a focal sphere depending on the direction 
required of the beam. Those antennas have the draWback 
that the radiating surface is a plane array so the directivity 
of the antenna falls off drastically at loW elevations 
(approximately —7.6 dB for an elevation of 10°), Whereas 
here the requirement is for constant directivity. 

SUMMARY OF THE INVENTION 

The invention is therefore aimed at a simple, compact 
system that is cheap to manufacture and that maintains calls 
at a high bit rate to and from a constellation of non 
geostationary satellites. 

To this end the invention proposes an antenna system for 
transmitting and receiving radio signals to and from a 
remote transceiver system moving in the space visible from 
said antenna, including a lens for focusing quasi-plane 
Waves emitted by said remote transceiver, said means having 
a focal sphere S, at least one primary source for transmitting 
and receiving signals in the form of quasi-spherical Wave 
beams, Which source is mobile on a portion of the sphere S, 

characteriZed in that it includes in combination: 
a) a lens for de?ecting the quasi-plane Waves transmitted 

or received by the remote transceiver, and 
b) means for slaving the position of each primary 

transmit/receive source to the knoWn position of a 
remote transceiver. 

The above combination of a focusing lens and a de?ector 
lens produces a plane Wave beam and de?ects the beam 
practically to the horiZon, the beam being emitted or picked 
up by a primary transmit/receive source disposed at a point 
on the focal sphere of the focusing lens corresponding to the 
position of the satellite at any given time. 

The invention is aimed more particularly at a terminal and 
antenna system for transmitting and receiving radio signals 
to and from at least tWo remote transceiver systems at 
different points in the space visible from said terminal and 
antenna system, characteriZed in that it includes: 

a) means for determining the position of said remote 
transceivers in vieW at a given time, 

b) means for choosing a remote transceiver, 
c) an antenna according to the above description, includ 

ing at least tWo primary transmit/receive sources, 
d) means for controlling movement of the primary 

transmit/receive sources over the focal sphere S 
adapted to prevent the primary sources colliding, and 

e) means for sWitching betWeen the primary sources. 
Transfer of data With a constellation of non-geostationary 

satellites is therefore maintained continuously in this case. 
Reducing the number of primary transmit/receive sources to 
just tWo signi?cantly reduces the overall cost of the antenna. 
Also, the system in this con?guration is signi?cantly smaller 
than the solution employing tWo Cassegrain antennas. Atool 
is therefore obtained Which is much simpler than previous 
systems, can be installed on the roof of a house in the 
conventional Way, and has a loW manufacturing cost, mak 
ing this type of antenna available to private individuals. 

In one particular embodiment of the invention, the pri 
mary transmit/receive sources of signals in the form of 
quasi-spherical Wave beams take the form of horn antennas 
Which can be moved over a portion of the focal sphere of the 
focusing lens. 

In a preferred embodiment of the invention, each primary 
transmit/receive source is moved by a pair of aZimuth and 
inclination motors. 

These features contribute to a loW cost of manufacture 
through using standard components and a simple mechanical 
assembly. 
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In a preferred embodiment of the invention, the lens for 
focusing quasi-plane Waves into quasi-spherical Waves is a 
multi-focal convergent lens having a large scanning range. 
More particularly, the scanning range is made to be 

greater than 30° relative to the aXis of symmetry of revo 
lution of the focusing lens by moving the primary transmit/ 
receive Wave sources over its focal sphere. 

This feature makes it possible to achieve a Wide scanning 
range With simple technology. 

In a preferred embodiment of the invention, the focusing 
lens is a conveX dielectric lens. In an advantageous embodi 
ment of the invention, the focusing lens is a concave 
Waveguide lens. 

The above embodiments of the focusing lens based on 
cheap standard materials further reduce the cost of the 
system compared With the arrays of active components used 
in some prior art solutions. 

In a preferred embodiment of the invention the lens for 
de?ecting the quasi-plane Waves is a dielectric dome lens. 
To be more precise, the dome lens has a generally hemi 
spherical overall pro?le. 

This embodiment of the lens can de?ect beams practically 
to the horiZon and it also provides a protective radome for 
the antenna. 

In a preferred embodiment of the invention, at least one 
of the lenses incorporates a matching layer corresponding to 
a quarter-Wavelength. The matching layer is preferably 
made up of a dielectric material having an indeX equal to the 
square root of the indeX of the dielectric material of the lens. 
In an advantageous embodiment of the invention the thick 
ness of the matching layer is equal to one quarter of the 
Wavelength used and the matching layer is pierced With a 
plurality of blind holes. 

The matching layer reduces losses and coupling effects 
generated by re?ection at the surface of the dielectric lenses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing description and the draWings of a preferred 
embodiment of the invention further eXplain the objects and 
advantages of the invention. Clearly the description is given 
by Way of non-limiting eXample only. In the ?gures: 

FIG. 1 is a diagram shoWing a terminal and antenna 
system of the invention and the components of a satellite 
data transmission system into Which it is integrated, 

FIG. 2 shoWs the main components of an antenna of the 
invention in more detail, 

FIG. 3 is a diagram shoWing an embodiment of a 
mechanical system for displacing the primary transmit/ 
receive sources over a portion of the focal sphere S of the 
focusing lens using pairs of aZimuth and elevation motors, 

FIG. 4 shoWs a preferred form of the electronics for 
sWitching the signals of the primary transmit/receive 
sources, 

FIG. 5 shoWs a variant of the same electronics, 

FIG. 6 is a diagram shoWing a second embodiment of a 
mechanical system for moving the primary transmit/receive 
sources over a portion of the focal sphere of the focusing 
lens using pairs of aZimuth and elevation motors, 

FIG. 7 is a diagram shoWing one embodiment of a 
mechanical system for moving the primary transmit/receive 
sources over a portion of the focal sphere of the focusing 
lens using pairs of X and Y motors, 

FIG. 8 is a diagram shoWing one embodiment of the 
primary transmit/receive sources in perspective (FIG. 8a) 
and in section (FIG. 8b), 
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4 
FIG. 9 shoWs the mechanism from FIG. 6 With primary 

transmit/receive sources of the kind shoWn in FIG. 8 
mounted on it, 

FIG. 10 is a diagram shoWing one embodiment of a 
mechanical system for moving the primary transmit/receive 
sources over a portion of the focal sphere of the focusing 
lens using pairs of aZimuth and elevation motors and pairs 
of X and Y motors, 

FIG. 11 is a diagram shoWing one embodiment of a 
mechanical system for moving the primary transmit/receive 
sources over a portion of the focal sphere of the focusing 
lens using pairs of motors With oblique aXes, only one source 
being active, 

FIG. 12 shoWs a variant of the FIG. 11 embodiment in 
Which tWo sources are active, 

FIGS. 13 through 15 are sectional vieWs of three variants 
of the focusing lens, and 

FIG. 16 is a diagram shoWing a hyperboloid variant of the 
de?ecting lens. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs an antenna 1 Which can be seen from tWo 
satellites 2, 3 traveling in an orbit 4 around the Earth 5. The 
orbits of the satellites are deterministic and knoWn long in 
advance. HoWever, the satellites are subject to drift (limited 
to approximately 105°) associated With residual atmo 
spheric drag, the pressure of solar radiation and attitude 
control maneuvers. This drift is corrected at regular intervals 
by the thrusters of the satellite. The satellites carry receive 
and transmit antennas 6, 7 transmitting high-poWer signals 
in directional beams 8, 9. 
A private individual or a business using the data trans 

mission system is provided With a terminal and antenna 
system including an antenna 1 ?xedly installed on the roof, 
like a standard satellite TV antenna, for eXample. The 
terminal and antenna system includes control electronics 10 
for tracking satellites, transmitting and receiving radio sig 
nals and decoding encrypted information for Which the user 
holds an authoriZation (subscription). The terminal and 
antenna system is also connected to a personal microcom 
puter (PC) 11 including a memory system, not shoWn, a 
keyboard 12, and a screen 13. The memory system of the 
microcomputer stores information characteriZing the orbits 
of the satellites (ephemeris) and softWare for calculating 
Which satellites are in vieW and at Which local geographical 
angles (aZimuth, elevation) at any time, on the basis of the 
above orbital information and of the geographical location 
(longitude and latitude) of the terminal and antenna system. 
The terminal and antenna system 1, 10 in this embodiment 

is also connected to a television 14 for receiving broadcasts 
on command, and the television can be equipped With a 
camera 15 for videoconferencing applications, a telephone 
16 and a facsimile machine, not shoWn. The various systems 
requiring to transfer data via the terminal and antenna 
system are connected to a connecting boX 17 Which could be 
integrated into the unit 10 containing the control electronics 
for the terminal and antenna system. 
The antenna 1 of the invention is shoWn in more detail in 

FIG. 2 and, in a preferred embodiment, includes a dome lens 
21 for de?ecting radio beams from a satellite anyWhere in 
locally visible space, from the Zenith and practically to the 
horiZon, to a focusing lens 22 Which transforms plane Waves 
received from the satellite into spherical Waves (and vice 
versa). The antenna 1 also includes tWo primary sources 23, 
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24 for transmitting and receiving spherical Wave beams, a 
mechanical assembly, not shoWn in this ?gure, for position 
ing the primary transmit/receive sources, and a mechanical 
structure 25 to support these components. The system under 
the primary sources and the lenses is incorporated in a 
protective metal cylinder 26. 

The de?ector dome lens 21 is Well knoWn to the person 
skilled in the art. To a ?rst approximation it behaves like an 
optical lens for microWaves. Its function is to de?ect quasi 
plane Wave beams inclined at an angle @2 in the range from 
0° to 80° to 85° into the form of a quasi-plane Wave beam 
inclined at an angle @1 in the range from 0° to 30° or 40°. 

Its shape is quasi-hemispherical. The theory of dome 
lenses of this kind is described in “MicroWave Journal”Oc 
tober 1975. It is molded out of a microWave dielectric 
material, for example a thermosetting material having a high 
capacity for de?ecting radio Waves (dielectric permittivity 6 
close to 10). These materials include thermoset MicroWave 
Material TMM 10 from the “DuroidsTM” family manufac 
tured by Rogers Corp or the K10 material from Emerson & 
Cummings. These materials are based on a matrix of PTFE 
(Polytetra?uoroethylene, more Widely knoWn by the regis 
tered trademark Te?onTM) including ?ne ceramic particles, 
and they are virtually totally resistant to rain and inclement 
Weather and suf?ciently rigid not to be deformed by Wind. 
They can therefore function as a radome protecting the 
antenna assembly. 

Their shape must be accurate to Within one millimeter, 
given the Wavelength chosen (a feW centimeters), Which 
makes them simple to fabricate because this is relatively 
undemanding in terms of accuracy (this accuracy is much 
loWer than is required for camera lenses). 

The high de?ecting poWer chosen multiplies the scanning 
angle by a factor in the range from 2 to 2.7 and so scanning 
is possible practically to the horiZon With internal beam 
angles of only 30° to 40°. Greater de?ecting poWer Would 
cause partial re?ection of the signals at the surface, Which 
Would degrade the performance of the antenna system as a 
Whole. The inside radius of the hemispherical lens is 25 cm 
and its thickness varies from approximately 3 mm to 5 mm 
at the summit to 3 cm to 7 cm at the rim, depending on the 
index of the chosen material. The exterior pro?le of the 
dome lens is also close to that of a spherical dome. In the 
embodiment described here, the radome therefore has an 
outside diameter of approximately 60 cm, Which is compa 
rable With the siZe of parabolic satellite TV receiver anten 
nas. 

The focusing lens 22 is also a dielectric material micro 
Wave lens. To a ?rst approximation it behaves like a quasi 
optical lens, With an index greater than 1 (the Wavelength in 
the dielectric being less than the Wavelength in a vacuum). 
The geometry of such lenses is therefore convex and is 
described by Lo and Lee in “Antenna Handbook”, for 
example on pages 16—19 through 16—59. The function of the 
lens is to transform a quasi-plane Wave beam inclined at an 
angle in the range from 0° to 35° into a similarly inclined 
quasi-spherical Wave beam. 

The multifocal lens produces a Wide scanning angle (300 
to 40° about the axis of the lens) by moving the primary 
(transmit and receive) source. The literature describes lenses 
of this type for a scanning angle in the order of 10°, With a 
very narroW beam, but extrapolation to an angle in the range 
from 30° to 40° does not give rise to any particular problem, 
given that the gain of the focusing antenna does not need to 
be high in this application, its beam being much Wider, and 
the skilled person being Well aWare that the scanning range 
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6 
of a focusing system is expressed as a number of beam 
Widths. Once again, a lens of this kind is easily obtained by 
molding a composite material having a high dielectric 
constant (6 close to 10). For the same reason as previously 
(i.e. because the Wavelength used is a feW centimeters), the 
required accuracy of molding is only in the order of one 
millimeter (proportional to the Wavelength, Which is much 
longer than for lenses used in the visible spectrum). The 
composite materials described above for making the dome 
lens 21 are also used to make the focusing lens 22. The 
choice of a dielectric lens gives the antenna a large band 
Width and it can therefore handle data at a high bit rate. 

The diameter of the focusing lens is approximately 35 cm 
for an inside diameter of the dome lens of 50 cm. The 
focusing lens is horiZontal With its optical center coinciding 
With that of the hemispherical dome lens. The radius of the 
focal sphere of the lens is approximately 30 cm to 50 cm, 
depending on the precise characteristics of the chosen mate 
rials. 

Mobile primary sources 23, 24 for transmitting and 
receiving spherical Waves are disposed on a portion of the 
focal sphere (typically 35° about the axis of the focusing 
lens). They are standard horn antennas for satellite TV 
reception, for example, Which use horns illuminated by 
parabolic re?ectors. 

The speci?c characteristics of the horns employed here 
are related to the angle Within Which they see the focusing 
lens and to the Wavelength employed. With regard to the 
data bit rates, for varied applications including interactive 
games, teleWorking, teleteaching, interactive video and 
Internet type transmission of data it is necessary to consider 
a maximum transmitted volume in the order of 1 to 5 Mbps 
and a maximum received volume one order of magnitude 
greater, ie from 10 to 50 Mbps. Also, the position of the 
horns in this application leads to a beam aperture of 130° . 
Accepting —10 dB to —15 dB attenuation at the beam edges, 
a standard calculation yields a horn mouth diameter of 50 
mm to 60 mm for the frequency band employed (Ku band 
from 11 GHZ to 14.3 GHZ). 

FIG. 3 shoWs a simple mechanical assembly Whose func 
tion is to move tWo horns independently of each other over 
a portion of a sphere. The assembly primarily includes a 
double concentric ring 32, 33 and sWings 30, 31 supporting 
the horns 23, 24. To ensure that the sphere portion deter 
mined by the axis of freedom of the horns in this con?gu 
ration corresponds to the focal sphere of the focusing lens 
22, the lens is disposed at the center of the double ring by 
standard mechanical support means, not shoWn here. 

In this con?guration, the ?rst horn 23 is moved by an 
assembly “inside” the assembly supporting the other horn 
24. The top of the ?rst horn 23 is attached to a rigid plastics 
material sWing type support structure 30 With tWo arms of 
circular arc shape in the loWer part to avoid impeding the 
movement of the other sWing 31 supporting the second horn 
24. The sWing 30 is attached to an inner ring 32 about an axis 
A. 

The sWing is moved about the vertical axis by an incli 
nation motor 36, for example an electrical stepper motor 
disposed on the axis A inside the ring 32. This movement 
produces an inclination [31 in the range from —35° to +35°. 
This inclination is a function of the elevation of the satellite: 
it is Zero for a satellite at the Zenith of the location and 135° 
for a satellite 10° above the horiZon of the location. 
The inner ring 32 is rotated by another electric stepper 

motor 34 providing an aZimuth angle (x1 in the range from 
0° to 360°. This motor is outside the tWo rings, for example, 
and rotates the inner ring via a toothed ring. 
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Clearly the combined action of the azimuth motor 34 and 
the inclination motor 36 can place the ?rst horn 23 at any 
chosen point on a dome of the focal sphere Within an 
aperture angle of 135°, the horn pointing toWards the center 
of the focusing lens at all times. The tWo motors 34 and 36 
are controlled to track a non-geostationary satellite, the 
speed of the satellite corresponding to movement of the horn 
from a —35° elevation position to a +35° elevation position 
in approximately ten minutes, for example. 

The aZimuth motor 34 and the inclination motor 36 
therefore constitute a pair of aZimuth and elevation motors. 

The arrangement for the second horn is very similar to 
that described above for the ?rst horn. The bottom part of the 
horn 24 is attached to a sWing structure 31 Whose siZe is such 
that it does not impede the movement of the inner sWing. 
This sWing is suspended from an outer sWing 33. The 
aZimuth angle (x2 of the antenna 24 is determined by an 
aZimuth motor 37 and the inclination angle [32 by an 
inclination motor 35 in all respects identical to the position 
ing motors of the other antenna. 

The control and poWer supply electronics of the aZimuth 
and inclination stepper motors of the horns is not described 
here but Will be clear to the person skilled in the art. 

FIG. 4 shoWs the electronics for sWitching betWeen the 
tWo horns 23, 24. A transmit signal channel 42 includes a 
Solid State PoWer Ampli?er (SSPA) 46 and a receive signal 
channel 43 includes a LoW-Noise Ampli?er (LNA) 47. The 
tWo channels are connected to a circulator 41. The circulator 
is a standard passive component circulating the signal in a 
given direction betWeen its three ports and providing 
transmit/receive decoupling. It is made of ferrite, for 
example. The circulator 41 is connected to a sWitch 40 for 
selectively connecting one or other of the horns. The sWitch 
40 is connected to the horns by ?exible coaxial cables 44, 
45. It is a standard diode-based sWitch and sWitches betWeen 
the tWo horns in less than one microsecond. Ancillary 
components not mentioned in this description, such as the 
electrical poWer supply, are standard in the art. 

The operation of the system proceeds in a number of 
stages. The ?rst stage is installation of the system. This 
includes the mechanical ?xing of the antenna to the roof of 
a building and verifying the horiZontal axes and the north/ 
south orientation of the antenna. The antenna is then con 
nected to its poWer supply, to a control microcomputer 11 
and to user systems in the form of a TV 14, a camera 15 and 
a telephone 16. 

During this same stage the ephemeris (orbital position and 
speed parameters at a given initial time) of each satellite of 
the constellation is entered into the memory of the host 
computer controlling the antenna. This data can be supplied 
on diskette. 

After the local time and the terrestrial position (latitude, 
longitude) of the terminal and antenna system have been 
entered, the computer can calculate the current position of 
the satellites of the constellation depending on the time that 
has elapsed since the time corresponding to the stored orbital 
parameters and can compare those positions to the theoreti 
cal area of visibility from the terminal and antenna system. 
The system can be calibrated automatically, including point 
ing the tWo horns 23, 24 at the theoretical positions of the 
satellites in vieW, tracking them brie?y and verifying from 
the data acquired the poWer level received and transmitted, 
the spatial orientation of the antenna, and the quality of 
tracking. A diagnosis of corrections required to the instal 
lation is produced automatically from this calibration data. 

During routine use, When the user starts up the system (by 
booting up the computer and poWering up the antenna), the 
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8 
control softWare calculates the position of the satellites at 
that time and determines Which satellites are in vieW at that 
time from its location. From the coordinates of the satellite 
that is the highest above the horiZon, the computer 11 
calculates the corresponding position required for a horn on 
the focal sphere of the focusing lens, sends instructions to 
the stepper motors Which move that horn and selectively 
connects the horn, corresponding to the most visible 
satellite, to the transmit and receive electronics. It is then 
possible to transmit and receive data. 

The computer then continuously calculates corrections to 
the position of the horn to track the satellite and drives the 
positioning motors accordingly. The accuracy of positioning 
required for regular tracking of the satellites is determined 
by the Width of the main lobe of the antenna and the amount 
of signal attenuation that can be accepted before the antenna 
is moved. In the present example, a lobe aperture of 5° and 
an acceptable signal loss of 0.3 dB lead to an accuracy of 
075° for pointing of the horn by the motors, Which for a 
focal sphere having a radius of 50 cm corresponds to a 
positioning accuracy of 0.65 cm. Tracking a satellite in loW 
Earth orbit therefore requires the horn to be moved 0.65 cm 
approximately every 6 seconds. When tracking a satellite, 
movement of the horn conveying the stream of calls has a 
higher priority than movement of the other horn, the soft 
Ware ensuring at all times that no collisions occur by moving 
the second horn out of the path of the ?rst one if necessary. 
The computer determines the second most visible satellite 

on the basis of criteria such as a satellite elevation of less 

than 10° (satellite approaching the horiZon) or an abnormal 
drop in the level of the received signal (alloWing for trees, 
hills and other local, permanent or temporary obstacles, or 
entry into the band near the geostationary arc, in Which 
interference to or from geostationary satellites makes it 
obligatory to cut off the link), and positions the second horn 
in a manner corresponding to that position. The second horn 
is then selectively connected and the satellite is tracked. The 
time to sWitch betWeen the tWo horn antennas, Which is 1 
microsecond in the embodiment described, leads to a maxi 
mum loss of data of approximately 1 to 50 bits for a 
maximum transmitted data bit rate of 1 to 50 Mbps. Lost 
data is reconstituted using error correcting codes transmitted 
With the signal. 

The ephemeris can be updated With neW data from 
diskette or doWnloaded from the satellite netWork itself, in 
response to an automatic request from the terminal. 

As indicated in the foregoing description, the motors used 
in this assembly have a poWer rating suited to moving a 
small mass, less than 1 kg, Which makes it possible to use 
loW-cost motors that are available off the shelf. This is an 
advantage compared to the satellite tracking solution using 
tWo Cassegrain antennas, for Which the motors must be able 
to position accurately masses of a feW kg, and are therefore 
more costly. 
A standard mechanical assembly and simple electronics 

can guarantee the levels of accuracy required in positioning 
the antenna and the time betWeen tWo movements. The 
chosen solution is therefore clearly economic to manufac 
ture. 

The embodiment of the invention described provides a 
compact loW-cost system, the various components being 
standard components or having undemanding manufactur 
ing speci?cations. 

Note that the system described exhibits symmetry of 
revolution about its vertical axis, With a Windage such that 
the Wind direction is immaterial and a loW drag coef?cient 
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because of the choice of cylindrical and hemispherical 
geometries, Which has advantage over standard antennas 
With no radome, Which causes problems of movement due to 
gusts of Wind. 

Adifferent embodiment of the focusing lens 22 is made of 
silica quartZ material. 

In a further embodiment, the electronics for sWitching 
betWeen the tWo horns 23, 24 are replaced by the system 
shoWn in FIG. 5. In this system, each horn 23, 24 has a 
circulator 41‘, 41“ to Which the transmit signal ampli?cation 
modules 46‘, 46“ and the receive signal ampli?cation mod 
ules 47‘, 47“ are connected directly. The transmit signal 
ampli?ers of the tWo primary sources are connected by tWo 
coaxial cables 45‘, 44‘ to a selective connection system 40‘ 
Which receives the signals to be transmitted via a channel 42. 
Similarly, the receive signal loW-noise ampli?ers are con 
nected by coaxial cables 45“, 44“ to a selective connection 
system 40“ connected to a receive signal channel 43. 

This arrangement is intended to reduce the impact of 
signal losses occurring in the ?exible coaxial cables and 
estimated at 1 dB in each cable of approximately 0.5 m 
length. This embodiment has a higher cost because of the 
duplication of the ampli?ers, but for the same ampli?er 
poWer it increases the Equivalent Isotropically Radiated 
PoWer (EIRP) by approximately 1 dB and the received 
?gure of merit (G/T) by approximately 2 dB. For equal 
antenna performance, this enables the dimensions of the 
focusing lens and the dome lens, and therefore the entire 
antenna, to be reduced. 

FIG. 6 shoWs a variant of the mechanical assembly With 
aZimuth and elevation motors from FIG. 3. Each source 23, 
24 is mounted on a support arm 50, 51 including a circular 
arc 52, 53 concentric With the focal sphere S respectively 
positioned on one half of the loWer part of the focal sphere 
and a rotation drive shaft 54, 55 parallel to the vertical axis 
and coupled to an aZimuth motor 56, 57. In this Way the 
primary sources 23, 24 can move along respective separate 
aZimuths A21 and A22. 

Each primary source 23, 24 is guided along its circular arc 
52, 53 in a slideWay for movement in elevation E11, E12 by 
elevation motors 58, 59. The elevation movements E11 and 
E12 de?ne the sighting axes S1 and S2 of the tWo visible 
satellites. 

In a variant of the method of tracking satellites, an active 
technique replaces the passive technique described above, in 
Which the data characteriZing the position of the satellites is 
merely pre-stored in the memory of the computer and it is 
assumed that the primary sources are positioned in this Way 
at the correct location and at the correct time, With no 
real-time control. In this variant, each horn includes a 
plurality of receivers, for example four receivers in a square 
matrix, and supplies output signals corresponding to a sum 
and a difference of the signals received by the various 
receivers. At the start of tracking a given satellite, one horn 
is positioned in accordance With the data calculated by the 
computer 11. AnalyZing the Way the sum and difference 
signals vary over time then indicates the direction in Which 
the satellite is moving so that it can be tracked accordingly. 
The host computer can regularly and automatically update 
the stored ephemeris as a function of the positions of the 
satellites as really observed. 

In another variant that is not shoWn, in Which the user has 
no microcomputer, the satellite tracking softWare and the 
memory for storing the ephemeris are integrated into a 
microprocessor With memory, for example in a TV set-top 
box of a siZe typical of standard encrypted TV set-top 

15 

35 

45 

55 

65 

10 
decoders, and Which can be combined With a modulator/ 
demodulator for encrypted transmission. Aprocedure is then 
provided for automatically doWnloading the ephemeris at 
regular intervals, Without requiring user intervention. 

Note that in all the previous embodiments, if the operating 
band of the multimedia system is the same as that of direct 
broadcast TV satellites, the tWo sources can be placed at 
positions suitable for aiming at tWo geostationary satellites: 
the same terminal and antenna system is then used alter 
nately for the multimedia application and for receiving 
broadcasts from tWo satellites, Which can be changed at Will 
by moving the sources. 

In a further embodiment, a system similar to that of the 
invention is installed not as part of a terminal on the ground 
but on a satellite, for example a remote Earth-sensing 
satellite Which has to transmit images to only a feW ground 
stations Which can occupy any position. The principle of 
tracking ground stations from the satellite is analogous to 
that of tracking satellites from a ground terminal. In this 
application, the siZe of the ground stations can be very much 
smaller (for example by a factor of 10 if a 20 dB gain is 
applied to the signal received by the antenna), compared to 
standard receive antennas for satellites transmitting a broad 
beam, Where the received poWer is loW. This arrangement 
can also enhance the con?dentiality of the transmitted data. 
Finally, the simplicity of the solution, its loW cost (in 
particular compared to active antennas With very large 
numbers of elements) and its loW electrical poWer consump 
tion make its implementation on a satellite particularly 
bene?cial. 

The scope of the present invention is not limited to the 
details of the embodiments described above by Way of 
example, but to the contrary encompasses modi?cations that 
Will suggest themselves to the person skilled in the art. 

In another variant of the mechanical assembly supporting 
the mobile sources, shoWn in FIG. 7, each primary source 
23, 24 is moved by a pair of X and Y motors. Asemi-circular 
arc 60 is attached at tWo directly opposite points of the focal 
sphere, for example its East and West points. One source 23 
is moved along this arc, providing a slideWay, by a second 
ary electric motor 61 attached to the source. The second 
source 24 is identically mounted on another arc 62 and is 
moved by a secondary motor 63. Although this feature is not 
shoWn, each semi-circular arc 60 and 62 is rotated about its 
primary axis Ox by a primary motor constituting the second 
motor of the pair of X and Y motors, the circular arc 60 
having a smaller radius than the circular arc 62. The sec 
ondary motors 61 and 63 therefore move the sources about 
a secondary axis Oy Which is itself moved relative to the 
primary axis by the primary motors, the secondary axis Oy 
being alWays orthogonal to the primary axis Ox. In order to 
avoid con?icts betWeen the positions of the sources one of 
the sources transmits to and receives from the “North” 
satellites and the other one transmits to and receives from the 
“South” satellites. Relative repositioning of the tWo arms or 
arcs is possible if one passes under the lens. 

The systems shoWn in FIGS. 6 and 7 have the advantage 
over the systems shoWn in FIGS. 3 and 5 of compactness. 
They are also better suited to obtaining high angles of 
illumination of the lens by the sources, Which is necessary 
When using a focusing spherical lens. 

In another variant of the connection of the ampli?ers 
mounted in front of the primary sources, using a mechanical 
assembly of the sources as shoWn in FIGS. 7 and 9, each arc 
is a Waveguide and therefore conveys the microWave signal 
and a standard rotary joint is mounted at the hinge of the 
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arcs. This arrangement reduces signal losses and so the 
ampli?ers can be at a greater distance from the primary 
sources. 

In another variant of the mechanical support assembly for 
the mobile sources, shoWn in FIG. 10, a ?rst primary source 
23 is moved by a pair of aZimuth and elevation motors 70, 
71 and the second primary source 24 is moved by a pair of 
X and Y motors 72, 73, the aZimuth motor 70 of the ?rst 
primary source also driving the antenna as a Whole. 

In another variant of the mechanical support assembly of 
the mobile sources, shoWn in FIGS. 11 and 12, each primary 
source 23, 24 is moved by a pair of motors With oblique 
rotation axes 80, 81 and 82, 83. 

Each primary source support includes an arm 84, 85 and 
a forearm 86, 87, the primary source 23, 24 being ?xed to 
the free end 88, 89 of the forearm 86, 87. The ?rst motor 80, 
82 drives the arm 84, 85 in rotation about an oblique primary 
axis O1 , O2 offset by a primary angle (x01, (x02 relative to the 
vertical. The second motor 81, 83 drives the forearm 86, 87 
in rotation relative to the arm 84, 85 about a secondary 
oblique axis O‘l, O‘2 offset to the vertical by a secondary 
angle 0001,0002 greater than the primary angle (x01, (x02. The 
primary and secondary axes of each motor pair are on 
respective opposite sides of the vertical. 

The terminal, in Which the focusing lens and de?ecting 
lens assembly is mounted on a support separate from that of 
the primary sources, can further include an additional motor 
90 for driving the support of said assembly so that it is 
disposed substantially parallel to the beams. 

Of course, the invention is not limited to the examples 
described previously, but can be applied to other 
embodiments, such as scanning active antennas, for 
example, and more generally to any embodiment using one 
or more means equivalent to the means described to imple 
ment the same functions in order to obtain the same results, 
such that, for example, each primary source, mounted on a 
support, is moved by at least one pair of motors to obtain a 
displacement of each source over at least the loWer half of 
the focal sphere. 

Furthermore, in a variant of the optical components, the 
focusing lens and the de?ecting lens are replaced by a single 
lens in the form of a dielectric material ?xed focus spherical 
lens Which focuses parallel microWave beams toWards a 
focal sphere concentric With the lens. The sources of the 
antenna can be mounted in a mechanical system as described 
above and move over the focal sphere. The sources are either 
horns of the kind referred to above or else printed circuit 
“patches”. There can be one patch per source (FIG. 8a, 8b) 
or the patches can be grouped into small arrays (FIG. 7) for 
compensating any deterioration of the focusing system. The 
variant With patches, being compact, is particularly bene? 
cial in the case of spherical lenses Where the space available 
for moving the sources is more restricted, especially as one 
aim is to limit the overall siZe of the terminal and antenna 
system. 

It is also feasible to consider a system With three sources, 
one of Which is mounted in a ?xed manner on the spherical 
lens and points to a satellite in the geostationary arc. An 
arrangement like this uses a single antenna for multimedia 
applications at a high data bit rate via non-geostationary 
satellites (Which require tWo mobile sources) or reception of 
direct broadcast TV pictures from a geostationary satellite 
(even if it uses a frequency band other than that used by the 
multimedia system), at the choice of the user and With no 
delay for repositioning the mobile sources. 

Another variant replacing cables connected to the primary 
sources consists in using optical ?bers to transmit and/or 
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receive signals. The ?bers have the advantage of ?exibility 
in tracking movement of the source and ampli?er combina 
tion. The support can itself be used as an optical conductor 
to transmit information on movement of the motor driving 
the primary source. 

The system then includes a light-emitting diode for emit 
ting light (over a bandWidth of a feW hundred MHZ) and a 
photodiode for receiving optical data. A mirror is disposed 
at the attachment point of the arcs to transmit light toWards 
the optical conductor tube. 
The tube can also transmit electricity for feeding the 

primary source, the ampli?er and the motor, having tWo 
spaced conductive tracks and contactors at the level of the 
source to receive the electrical current. 

The dielectric material focusing lens 22 can be replaced 
by other lenses ful?lling the same function. Examples of 
such variants are shoWn in FIGS. 13 to 16. As shoWn in FIG. 
13, a ?rst variant consists in “Zoning” the dielectric antenna, 
i.e. in removing thicknesses of material so that the phase 
delay remains constant (to Within a multiple of 360°) before 
and after Zoning. In the ?gure, tWo edges 91, 92 correspond 
ing to the removal of areas 93, 94 have been formed, so 
reducing the volume and the mass of the lens. This Zoning 
technique has the draWback of reducing performance 
because of re?ections at the edges of the Zones, and the 
number of steps in the lens pro?le must therefore be as small 
as possible. 
A second variant of the focusing lens, shoWn in FIG. 14, 

replaces the dielectric material With a Waveguide lens 22“, 
possibly Zoned (FIG. 14 shoWs an antenna 22“ having one 
step 91). These Waveguide lenses are Well knoWn to the 
person skilled in the art. Their principle is to synthesiZe a 
lens With an index of less than 1 (because the Wavelength in 
the Waveguide is less than the Wavelength in vacuum) and 
therefore having to have the opposite curvature to the 
dielectric lenses for the same focusing poWer. This lens is 
therefore a concave lens. This option has the draWback of a 
narroWer bandWidth than a dielectric lens, but has a loWer 
manufacturing cost, the lens being made by forming a block 
of aluminum With the required concavity, for example, and 
then drilling in this block a series of parallel holes in a 
staggered arrangement. 

In the case of dielectric lenses, it may be necessary to 
reduce re?ections at the dielectric/air interfaces in order to 
improve the performance of the antenna. A matching layer 
one quarter-Wavelength thick can then advantageously be 
provided. For example, it advantageously takes the form of 
a dielectric coating With an index \/ n equal to the square root 
of the index n of the dielectric. Another variant consists in 
drilling a plurality of blind holes to a thickness of one 
quarter-Wavelength, their density being such that the aver 
age of the remaining dielectric index and the index of air in 
the holes is equivalent to the square root \/n of the index of 
the dielectric. This is a standard method Which amounts to 
“simulating” a dielectric of particular permittivity. 
The description refers to a de?ecting lens in the form of 

a hemispherical dome, Which is the most standard imple 
mentation. A variant consists in using a hyperboloid or 
paraboloid geometry With a short focal length, as shoWn in 
FIG. 16. This ?gure shoWs a de?ecting lens in the form of 
a hyperboloid dome 21, a focusing lens 22, the dome lens 
here being Zoned (a step 101 can be seen in the ?gure). This 
increases the surface area illuminated at high angles of 
inclination (loW elevation of the satellite at the horiZon) and 
therefore compensates a drop in the gain of the focusing lens 
under these conditions. A dome lens 35 cm to 40 cm high 
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then provides a usable radiating surface equivalent to a 30 
cm diameter disk. 
What is claimed is: 
1. An antenna system for transmitting and receiving radio 

signals to and from a remote transceiver system moving in 
space visible from said antenna, said antenna system com 
prising: 

a ?rst lens for focusing quasi-plane Waves emitted by said 
remote transceiver system, said lens having a focal 
sphere S; 

at least one primary source for transmitting and receiving 
signals in a form of quasi-spherical Wave beams, 
mobile on a portion of the sphere S; and 

a second lens for de?ecting the quasi-plane Waves trans 
mitted or received by the remote transceiver system, 

Wherein a position of said at least one primary source for 
transmitting and receiving signals is assigned to a 
position of the remote transceiver system. 

2. A terminal and antenna system for transmitting and 
receiving radio signals to and from at least tWo remote 
transceiver systems at different points in space visible from 
said terminal and antenna system, said terminal and antenna 
system comprising: 

a positioning system Which determines position of said at 
least tWo remote transceiver systems in vieW at a given 
time; 

a selector Which chooses a remote transceiver; 

an antenna system comprising: 
a ?rst lens for focusing quasi-plane Waves emitted by 

the remote transceiver, said lens having a focal 
sphere S, 

at least tWo primary sources for transmitting and 
receiving signals in a form of quasi-spherical Wave 
beams, mobile on a portion of the sphere S, and 

a second lens for de?ecting the quasi-plane Waves 
transmitted or received by the remote transceiver; 

a controller Which controls movement of the at least tWo 
primary sources for transmitting and receiving signals 
over the focal sphere S adapted to prevent the at least 
tWo primary sources for transmitting and receiving 
signals from colliding, and 

a sWitch for sWitching betWeen the at least tWo primary 
sources for transmitting and receiving signals. 

3. A system according to claim 2, further comprising a 
data recovery system Which recovers data lost during the 
sWitching. 

4. A system according to any of claims 1 or 2, Wherein at 
least one primary source for transmitting and receiving 
signals is a horn antenna mobile on a portion of the focal 
sphere S of the ?rst lens for focusing the quasi-spherical 
beams into quasi-plane beams. 

5. A system according to any of claims 1 or 2, Wherein at 
least one primary source for transmitting and receiving 
signals comprises a module for amplifying the transmitted 
and received signals. 

6. Asystem according to any of claims 1 or 2, Wherein the 
?rst lens for focusing quasi-plane Waves into quasi-spherical 
Waves is a multifocal convergent lens having a Wide scan 
ning range. 

7. A system according to claim 6, Wherein the scanning 
range is made greater than 30° relative to the axis of 
symmetry of revolution of the ?rst lens by moving at least 
one primary source for transmitting and receiving signals 
over the focal sphere S. 

8. A system according to claim 6, Wherein the ?rst lens is 
a convex dielectric lens. 
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9. A system according to claim 6, Wherein the ?rst lens is 

a concave Waveguide lens. 
10. A system according to claim 6, Wherein the ?rst lens 

is Zoned. 
11. A system according to claims 1 or 2, Wherein the 

second lens for de?ecting the quasi-plane Waves is a dielec 
tric dome lens. 

12. A system according to claim 11, Wherein the second 
lens has a generally hemispherical overall pro?le. 

13. A system according to claim 11, Wherein the second 
lens has generally parabolic, elliptical or hyperbolic inside 
and outside pro?les. 

14. A system according to claim 11, Wherein the second 
lens increases in thickness from a summit thereof to a base 
thereof. 

15. A system according to claims 1 or 2, Wherein the 
second lens is disposed so as to isolate the system from the 
external environment. 

16. A system according to claims 1 or 2, Wherein at least 
one of the ?rst and second lenses comprises a quarter-Wave 
matching layer. 

17. A system according to claim 16, Wherein the quarter 
Wave matching layer comprises a dielectric material having 
an index equal to the square root of an index of a dielectric 
material of the at least one of the ?rst and second lenses. 

18. A system according to claim 16, Wherein a thickness 
of the quarter-Wave matching layer is equal to one quarter of 
a Wavelength used and the quarter-Wave matching layer is 
pierced With a plurality of blind holes With a density of 
piercing adapted to create an equivalent index equal to the 
square root of an index of a dielectric material of the at least 
one of the ?rst and second lenses. 

19. A system according to claim 2, Wherein the remote 
transceiver systems are satellites of a constellation and the 
positioning system determines the position at a given time of 
the satellites in sight, the positioning system comprising: 

a database of orbital parameters of each of the satellites at 
a given time, 

a storage system Which stores terrestrial position param 
eters for the terminal and antenna system, 

softWare for calculating a current position of each of the 
satellites from initial orbital parameters and a time 
Which has elapsed since an initial time, and 

softWare for comparing an orbital position With an angular 
area visible from a position of the terminal and antenna 
system, 

Wherein the database of the orbital parameters is regularly 
updated. 

20. A system according to claims 1 or 2, Wherein at least 
one primary source for transmitting and receiving signals 
comprises a detector Which detects a pointing error relative 
to a beam received from a moving remote transceiver. 

21. Asystem according to claims 1 or 2, Wherein, to move 
at least one primary source for transmitting and receiving 
signals over at least a loWer half of the focal sphere, the at 
least one primary source for transmitting and receiving 
signals is mounted on a support and is moved by at least one 
pair of motors. 

22. A system according to claims 1 or 2, Wherein an 
assembly comprising ?rst and the second lenses is mounted 
on a support separate from at least one primary source for 
transmitting and receiving signals, the system further com 
prising a motor for driving the support of said assembly so 
that said assembly extends substantially parallel to the 
beams. 

23. A system according to claims 1 or 2, Wherein at least 
one primary source for transmitting and receiving signals is 
moved by a pair of aZimuth and elevation motors. 
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24. A system according to claim 23, further comprising a 
support for at least one primary source for transmitting and 
receiving signals, said support comprises a sWing on Which 
the at least one primary source for transmitting and receiving 
signals is ?xedly mounted, the sWing being moved along an 
aXis by an aZimuth motor of the pair of motors and moved 
relative to a vertical by an elevation motor of the pair of 
motors. 

25. A system according to claim 23, further comprising a 
support for at least one primary source for transmitting and 
receiving signals, said support comprises an arm forming a 
circular arc concentric With the focal sphere, positioned on 
a respective half of a loWer part of the focal sphere, the arm 
being rendered mobile in aZimuth by an aZimuth motor of 
the pair of motors, and the at least one primary source for 
transmitting and receiving signals being rendered mobile 
along the arc by an elevation motor of the pair of motors. 

26. A system according to claims 1 or 2, further compris 
ing a pair of X and Y motors, a ?rst motor of said pair of 
motors rotating at least one primary source for transmitting 
and receiving signals about a horiZontal primary aXis OX, 
and a second motor of said pair of motors rotating at least 
one primary source for transmitting and receiving signals 
about a secondary aXis Oy orthogonal to said primary aXis 
at all times and moved relative to the primary aXis by the ?rst 
motor. 

27. A system according to claim 2, further comprising: 
a pair of aZimuth and elevation motors; and 

a pair of X and Y motors, 
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Wherein a ?rst primary source of said at least tWo primary 

sources for transmitting and receiving signals is moved 
by the pair of aZimuth and elevation motors, and a 
second primary source of said at least tWo primary 
sources for transmitting and receiving signals is moved 
by a pair of X and Y motors, an aZimuth motor of the 
pair of aZimuth and elevation motors of the ?rst pri 
mary source also driving the antenna as a Whole. 

28. A system according to claims 1 or 2, Wherein at least 
one primary source for transmitting and receiving signals is 
moved by a pair of motors With oblique rotation aXes. 

29. A system according to claim 28, further comprising a 
support for at least one primary source for transmitting and 
receiving signals, said support comprising an arm and a 
forearm, 

Wherein the at least one primary source for transmitting 
and receiving signals is ?Xed to a free end of the 
forearm, 

a ?rst motor of the pair of motors drives the arm in 
rotation about an oblique primary aXis of the oblique 
rotation aXis offset With respect to a vertical at a 
primary angle, 

a second motor of the pair of motors drives the forearm in 
rotation relative to the arm about an oblique secondary 
aXis of the oblique rotation aXis offset With respect to 
the vertical at a secondary angle greater than the 
primary angle, and the primary and secondary aXes are 
on respective opposite sides of the vertical. 


